Purpose: The aim of this study was to evaluate the effects of three anti-erosion toothpastes (Sensodyne Proenamel, Biorepair, and Regenerate) on surface roughness (Sa) of three tooth-colored restorative materials: Resin composite (RC), glass ionomer cement (GI), and resin-modified glass-ionomer cement (RMGI).
Introduction :
Dental erosion is permanent loss of the hard dental structures chemically without the association of the microorganisms [1] .
This mineral loss result in demineralized surface and reduced microhardness [2] . The process may be associated with an intrinsic factor, i.e. gastric acid; or it may be caused by extrinsic factors related to dietary habits and lifestyle [1] .
Anti-erosion toothpastes are available in the market such as Sensodyne Pronamel [3] . Sensodyne Pronamel is a derivative of Sensodyne toothpaste with greater levels of bioavailable fluoride and potassium nitrate (5% w/w) and was suggested as effective in preventing erosion of permanent teeth [3] . The key aim of effective elements against erosion is to intensify the resistance of tooth surfaces or pellicles to acid. The effective should be added in addition to, or other than, fluorides [2] .
The dental restorative materials could have irregular surface characteristics that might increase plaque retention and this affects esthetic and physical properties of the dental restorative materials [4] . For this reason, clinician tend to create smooth and polish surface. Adequate finishing and polishing of dental materials give good result on esthetic aspect and reduce the plaque accumulation and extrinsic staining [5] . Many factors influence tooth roughness such as prophylaxis procedure and tooth brushing with toothpaste, which alter the quality of the surface of the restorative material [4] .
The important function of dentifrices has become more specialized during the recent years, some dentifrices containing therapeutic agents that could help to reduce plaque, calculus and reduced sensitivity. Other dentifrices concern more about cosmetic effect, which contain chemical and mechanical agents to remove staining. May dentifrices formulation contain abrasive particle such as silica, calcium carbonate that have effect on surface characteristics of dental restorative materials that could cause roughness of the surface [6] .
A study investigated new toothpastes with anti-erosion properties and reported that tin-containing gel reduced the erosive tissue loss 75% [7] . The use of fluoride to inhibit demineralization of enamel caused by citric acid and to promote repair was investigated and authors concluded that the value of fluoride is outweighed by the influence of sodium hexametaphosphate (NaHMP) as a mineralization inhibitor [8] . The efficacy of a new anti-erosion desensitizing toothpaste to inhibit enamel surface softening was evaluated in vitro and it was shown that treatment with fluoridecontaining toothpastes helps protect sound enamel from acidmediated surface softening and promotes re-hardening of erosive lesions [9] . A study investigated the erosion/abrasionpreventing potential of experimental amine fluoride toothpastes showed that the formulations have the potential to reduce erosion/abrasion even in the absence of demineralized collagen [10] . A study evaluated the effect of toothbrushing using anti-erosion toothpastes on the deterioration of composite resin materials showed increase of surface roughness and found differences between the materials used [4] . However, this study recommended the need for further laboratory research and in vivo studies to understand the effects of anti-erosion toothpastes on various tooth-colored restorations.
As far as the authors are aware, little information is known regarding the effect of anti-erosion toothpastes on the surface roughness of restorative materials. Therefore, the purpose of this investigation was to assess the effects of three antierosion toothpastes (Sensodyne Proenamel, Biorepair, and Table 2 shows distribution of different groups according to the restorative materials, the different anti-erosion toothpastes used and distilled water. All specimens according to the groups in Table 2 
Methods and Materials

Results
The mean (+SD) of surface roughness (Sa) in micrometer (µm) of Filtek Z250 XT, GC Fuji II LC and Ketac™ Fil Plus
Aplicap at baseline after finishing and polishing (T1) are given in Table 3 . Table 3 . The mean and standard deviation of surface roughness (Sa) of all tested materials at baseline after finishing and polishing (T1)
The highest Sa at T1 was observed in Ketac Fil Plus Aplicap Comparisons between the groups of (T2) to the groups of baseline after finishing and polishing (T1) for Filtek Z250 XT, 
Discussion
The present study investigated the surface roughness of three restorative materials. Nanohybrid RC (Filtek Z250 XT),
RMGI (GC Fuji II LC) and conventional GI (Ketac Fill Plus
Aplicap) after finishing and polishing and after being subjected to brushing with different anti-erosion toothpaste.
The null hypothesis was rejected, as there was a difference in the effect of the anti-erosion toothpastes tested on surface roughness of the tested tooth-colored restorative materials.
Surface roughness of different restorative materials governs the quality, color and performance of materials in the oral cavity. Roughness could also worsen buildup of plaque and diminish longevity and esthetics of the restorations [11] . Experimental data demonstrated that high surface roughness of restorative materials is correlated to presence of more biofilm on its surface [12] . The surface roughness influences the biofilm formation and maturation on restorative materials and a more complex biofilm can be formed on a rougher substrate rapidly [13, 14] . The aim is to produce restorations with smooth surfaces without irregularities which result in improved esthetics and minimal plaque accumulation [15, 16] .
There is no agreement about reference data on the limit roughness below which the bacteria would not adhere [17] .
The most commonly mentioned limit of surface roughness (Ra) is below 0.2μm for adherence of dental biofilm [12] . It could be more accurate to say, that it depends on the bacteria species [12, 18, 19] . It is important to emphasize that rough surfaces favor bacterial adhesion and biofilm formation on the teeth and restorations, which can further cause secondary caries, gingival and periodontal diseases [12, 18] . The lower surface roughness values of resin composite can be explained by material filler composition. This material is a submicron hybrid resin composite, filled with nanometer size particles, from which some are dispersed and others create nanoclusters, as secondary formed fillers [20] . The size of these nanoclusters can range from about 0.6 to 10 μm [20] .
Mylar strips and celluloid crowns are usually applied as matrices for shaping restorative materials, which more likely require no further surface finishing [12] . It was suggested using polyester strips against resin composite to produce the best smooth surface [12] which justified its application in the present study. This is supported by another study, which reported significantly higher surface roughness for polished resin composite compared to the one polymerized against Mylar strips [21] . Studies have investigated different polishing methods on surface roughness and many have reported that none of these methods could mimic the surface smoothness initially created by a Mylar strip [22, 23] . However, another study observed this phenomenon only for one resin composite material, whereas other resin composites showed no significant differences in surface roughness between the surfaces polished with silicone carbide paper and those polymerized against Mylar strips [15, 22] .
As measurement of surface roughness determined by the method used, the research protocol for roughness is vital [24] .
The assessment of roughness using scanning electron microscope (SEM) is subjective and descriptive as well as unreliable for quantitative analysis [25] . A contact profilometer with a stylus that moves in line is used for the quantitative investigation of roughness and may induce misconception due to holes on the surface. Other instruments are used to assess roughness at higher resolution and over a wider area such as non-contact optical interferometers and atomic force microscopes (AFM) [26] . In this study, the optical interferometry noncontact profilometer was used to measure surface roughness. Compared with a stylus profilometer, the optical interferometry noncontact profilometer is faster, nondestructive, and allow repeatability.
In addition, it provides a larger field and does not need sample preparation in comparison with AFM. There are few reports of using optical interferometry noncontact profilometer to determine the surface roughness of restorative materials.
During tooth brushing, the toothpaste is quickly diluted by saliva. In the present study, the toothpastes were not diluted prior to application according to the manufacturers' directions.
A study investigated the influence of two anti-erosive toothpastes on surface roughness of two resin composites according to the type of resin composite used [29] . In addition, the composition of the toothpaste has a crucial rule in the alteration of the surface roughness of dental restorative materials. An investigation reported that the higher the relative dentin abrasivity of toothpaste the higher the surface roughness and wear of the dental materials. Another factor which has a rule in increasing the surface roughness is the type of the toothbrush and pressure used when brushing [30] . Our study was only short term for 15 days and the results may be difference if longer brushing time was tested. However, a study evaluated the effect of brushing time and dentifrice abrasiveness on color change and surface roughness of resin composites concluded that the longer the brushing time and dentifrice abrasiveness, the greater the color change of the nanofilled resin composite but the surface roughness was not influenced by dentifrice abrasiveness [31] . Another study evaluated surface properties of universal and flowable nanohybrid composites after simulated tooth brushing reported that the lowest surface roughness was for the flowable nanohybrid composites after toothbrush abrasion [32] . An 
Conclusions
Under the experimental conditions, we concluded: 
